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FOREWORD 

This Indian Standard was adopted by the Bureau of Indian Standards, after the draft finalized by the 
Industrial Safety Sectional Committee had been approved by the Chemical Division Council. 

This standard applies to ventilatory resuscitator. that is, small portable ventilators designed to be 
used in emergencies both outside and inside hospitals. These devices are intended for use by trained 
personnel for emergency use. 

The effective and safe use of a resuscitator is determined not only by the performance of the 
resuscitator, but also by the skill of the operator. This standard does not describe the content of the 
training programmes to develop such skill and does not state who should or should not use a 
resuscitator. This will be determined by the organizations involved in teaching resuscitation. 

Annexure A details test methods and forms an integral part of this standard. Annexure B provides 
tables of resistances and compliances required to set up the test lung. Annexure C gives a rationale 
for various clauses in this standard and is included to provide additional insight into the reasoning 
that led to the requirements and recommendations that have been given. Annexures D and F 
provide advice concerning materials to be used in resuscitators and face masks. 

For the purpose of deciding whether a particular requirement of this standard is complied with, the 
final value, observed or calculated, expressing the result of a test or analysis, shall be rounded off 
in accordance with IS 2 : 1960 'Rules for rounding off numerical values (revisedy. The number of 
significant places retained \n the rounded off value should be the same as that of the specified value 
in this standard. 
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Indian Standard 

RESUSCITATORS INTENDED FOR USE 
WITH HUMANS - SPECIFICATION 



1 SCOPE 

This standard specifies minimum perfonnance and 
safety requirements of ventilatory resuscitators 
intended for use with industrial workers. It specifies 
the performance of gas-powered ventilatory resus- 
citators which are portable and designed for use in 
emergency situations to provide lung ventilation to 
individuals whose breathing is inadequate. Resus- 
citators are designed for adults. 

2 REFERENCES 

IS 3745 : 1978 *Yoke type value connections for 
medical gas cylinders {first revision )' is a necessary 
adjunct to this standard. 

3 TERMINOLOGY 

3.1 For the purpose of this standard, the following 
definitions shall apply. 

3»1,1 Resuscitator 

Portable device used in emergency situations to 
provide lung ventilation to individuals whose breath- 
ing is inadequate. 

3.1.2 Static Compliance, C 

Volume change of gases in the compartment produced 
by a unit of pressure change, expressed in litres per 
kilopascal (1/kPa). 

3.1.3 Resistance 

Pressure drop per unit of flow at a specified flow, 
expressed in kilopascals per litre per second (kPa/l/s). 

NOTE — According to conventional practice, this has generdly 
been expressed in centimetres of water per litre per second 

(cm H^O/s). 

3.1.4 Ventilatory Cycle 

Cycle comprising the inspiratory phase plus the 
expiratory phase. 

3.1.5 Tidal Volume, V^ 

Volume of gas, ejq)ressed in millilitres, entering or 
leaving the patient or the lung model during the 
inspiratory or expiratory phase time. The physical 
conditions under which gas volumes are measured 
should be given. 

3.1.6 Minute Volume, V^ 

Volume of gas expressed in litres per minute, entering 
or leaving the patient or the lung model. The physical 



conditions under which measurement is made should 
be given. 

3.1.7 Stroke Volume 

Volume of gas deliverable from the resuscitator to the 
endof the patient connectorduringaninspiratory phase 
of ventilatory cycle. 

3.1.8 Airway 

Passageway for gas into and out of the luiigs. 

3.1.9 Demand Valve 

Device delivering a flow of gas when actuated by a 
change in pressure created by the inspiratory efforts of 
the patient. 

3.1A0 Patient Valve 

Valve that directs gas into the lungs for the inspiratory 
phase and into the atmosphere during the expiratory 
phase. 

3.1.11 Patient Connectors 

That part of the resuscitation apparatus which connects 
directly to a face mask or an appropriate ma ting airway 
device. 

3.1.12 Patient Connection Port 

Opening at the patient end of the resuscitator which is 
connected either to a tracheal tube or a face mask. 

3.1.13 Expiratory Port 

Opening through which gases and/or vapours pass 
from the patient during exhalation. 

3.L14 Delivered Oxygen Concentration 

Average concentration of oxygen in the gas delivered 
from the resuscitator. 

3.L15 Apparatus Disad Space, V^.app 

That volume of previously exhaled gas which is 
delivered from the resuscitator in the succeeding 
inspiratory phase. 

3.1.16 Gas-powered Resuscitator 

Resuscitation device powered by the energy of com- 
pressed gas. 

3.1.17 Automatic Resuscitator 

Apparatus in which the cyclic flow of gas for inflation 
of the lungs is independent of any inspiratory effort of 
the patient or repetitive action of the operator. 
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NOTE — The expiratory phase may also be automatically 
cycled. 

3.1.18 Back Leak 

Volume of exhaled gas which does not pass through the 
expiratory port but returns to the resuscitator. 

3.1.19 ForwardLeak 

Volume of gas produced by the resuscitator during the 
inspiratory phase which does not pass through the 
patient port to the patient but passes to the atmosphere. 

3.1.20 Maximum Delivery Pressure 

Highest gauge pressure that can be attained at the 
patient connection port when the apparatus is function- 
ing normally. 

3.1.21 Ventilatory Frequency 

The number of ventilatory cycles per minute. 

4 SYMBOLS 

4*1 In addition to the symbols given in 3, the following 
symbols are used in this standard: 

System dead space Vj^, system 

Oxygen concentration in bottle FOj, bottle 

5 CONNECTORS 

5.1 Patient Connection Port (see also Annex C ) 

The patient connection port of the resuscitator shall 
have 15 mm female and 22 mm male coaxial fittings. 

5.2 Exhaust Port for Expired Air-Breathing Gases 
(see also Annex C ) 

If a tapered connector is provided at the exhaust port, 
it shall be a 30 mm male conical fittings or a 19 mm 
male conical Htting. The fitting shall incorporate a 
baulk, for example ridges in the internal lumen of the 
fitting. 

NOTE — Such a baulk should not significantly increase the 
resistance to gas flow through the fitting. 

5*3 Face Mask Fittings (see also Annex C ) 

Face masks shall have either a 22 nun female fittings 
or a 15 mm male fitting which will mate the 
corresponding fittings. 



6 OPERATIONAL REQUIREMENTS 

6.1 General 

All performance requirements in this standard should 
be satisfied when the resuscitator is operated by one 
person, since frequently only one person is likely to be 
available to operate the resuscitator. This should be 
attainable when the resuscitator is used with either a 
face mask or an artificial airway device. 



6.2 Dismantling and Reassembly (see also 
Annex C ) 

The manufacturer shall recommend a functionaltest of 
operation to be carried out after reassembly. 

NOTE — A resuscitator intended to be dismantled by the user, 
for example for cleaning, etc, should be designed so as to 
minimize the risk of incorrect reassembly when all parts are 
mated. 

6.3 Valve Function After Contamination with 
Vomitus ( see also Annex C ) 

After the resuscitator has been tested in accordance 
with the test described in A-5J it shall meet all the 
requirements for the resuscitator being tested as laid 
down in 8. 

NOTB — It is preferable that the valve housing be constructed so 
that operation of the mechanism may be observed by the 
operator. Observation of the functioning mechanism of the 
patient valve may assist the operator in detecting abnormal 
operation. 

6.4 Mechanical Shock 

6.4.1 Drop Test (see also Annex C ) 

If the resuscitator is intended to be operated outside of 
its carrying case, plastic bag, mounting bracket, etc, it 
shall meet all the requirements for the category of 
resuscitator being tested as laid down in 8, following 
the drop test described in A-5.3. If the resuscitator is 
intended for operation only inside its carrying case, it 
may be so tested, but the case shall be open and in its 
*ready-for-use' condition. 

€•5 Immersion in Water (see also Annex C ) 

After immersion in water by the method described 
in A-5.4, the resuscitator shall comply with all the 
requirements for the category of resuscitator being 
tested, laid down in 8, after 10 s of immersion in water. 

7 PHYSICAL REQUIREMENTS 

lA Size (see also Annex C ) 

A container, if provided, shall have a carrying handle 
or other device for lifting, and shall pass through a 
rectangular opening 300 nmi x 400 nmi in size. 

7.2 Resuscitator Mass 

The mass of the resuscitator container and contents 
(including any full gas cylinders) shall not exceed 
l'4kg. 

8 PERFORMANCE 

8.1 Supplementary Oxygen and Delivered 
Oxygen Concentration ( For Gas-powered 
Resuscitators) (see Annex C ) 

When tested by the methods described in A-5.5, a gas- 
powered resuscitator shall deliver an oxygen concen- 
tration of at least 85 percent. If the resuscitator is 
capable of delivering other oxygen concentrations, 
the manufacturer shall state the conditions under 
which the various concentrations may be delivered. 
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8*2 Resistance to Breathing 

See the requirement laid down by the manufacturer 
under 113.2(c). 

8.3 Expiratory Resistance (see also Annex C ) 

When tested by the method described in A-5.6, the 
pressure generated at the patient connection port shall 
not exceed 0.5 kPa (= 5 cmHjO) [see also lU.2(c)] 

8.4 Inspiratory Resistance (see also Annex C ) 

When tested by the method described in A-5.7, the 
pressure at the patient coimection port shall not exceed 
0.5 kPa (5 cm H^O) below atmospheric pressure [see 
also 113.2 (c)9]. 

8.5 Patient Valve Malfunction (see also Annex B ) 

When tested by the method described in A-5.8, the 
patient valve of the resuscitator shall not jam in the 
inspiratory position at an added input flow of up 
to 30 1/min when this flow is added in accordance with 
the manufacturer's reconMnendations. 

8.6 Patient Valve Leakage — Forward Leakage 
(see also Annex C ) 

Where forward leakage is a design feature, it shall be 
so stated in the instruction manual. 

8.7 Apparatus Dead Space (see also Annex C ) 

When tested by the test method described in A-5.9, 
the apparatus dead space shall not exceed 5 ml + 10 
percent of the tidal volume specified for the resuscita- 
tor (^ee 8.8.1). 

8.8 Ventilation Performance 

8.8.1 Tidal Volume (see also Aimex C) 

The tidal volumes specified shall be delivered under 
the test conditions listed on Table 1 using the methods 
described in A-5.10, without the use of the override 
mechanism on any pressure-limiting system. 

Table 1 Test Conditions 

(Clause S.SA) 



Destg- 
natioii 



CompUancc ResUUnce Inspim* VeiiU- Minimum 
CUssifi- Classifi- tory latory tidal 
cation^ cation^ Explra Frcqu- Volume 
tory ency 
Phase ml 

Time 
Ratio 



V^^miB 



Adult 



C20 



R20 



1:2 



20 



600 



^^ See Annex B for a complete listing of compliance and resistance 
required for test. 

8.9 Gas-powered Resuscitators 

8.9.1 Pressure-limiting System (see Aimex C) 

A pressure-limiting system shall be incorporated in 
gas powered resuscitators which is supplied with gas at 



the range of pressures specified in 10.6, the airway 
pressure shall not exceed 4.5 kPa (45 cm H^O). 

NOTE — A higher setting may be made available for certain 
patients, although the selection of such a setting requires 
experienced medical advice. 

8.9.2 Manually-cycled, Gas-powered Resuscitators 

Manually-cycled, gas-powered resuscitators shall meet 
the requirements laid down in 8.1.2, 8.8.1 and 8.9.19 
when tested by the methods described inA-5 J, A-5.10 
andA-5.11. 

8.9.3 Automatic Pressure-cycled, Gas-powered 

Resuscitators 

8.9.3.1 Manufacturer's warning (see also Annex C) 
S^e 11.1.1. 

8.9.3.2 Pressure-cycling system (see also Armex C) 

Automatic pressure-cycled resuscitators shall have 
positive cycling pressures in the range of 2 to 3 kPa 
(20 to 30 cm ILO) when tested by the method described 
inA-5.12. 

NOl'B — A negative-pressure phase may cause a decrease in 
arterial oxygen partial pressure (POj) or Functional Residual 
Capacity (FRC), 

8.9.4 Automatic Time-cycled, Gas-powered Resus- 
citators 

Automatic time-cycled, g^s-powered resuscitators shall 
meet the requirements laid down in 8.1, 8.8*1 and 
8.9.1, when tested by the methods described in A-5.5, 
A-5.10 andA-5.11. 

8.9.5 Volume-cycled, Gas-powered Resuscitators 

Volume-cycled, gas-powered resuscitators shall meet 
the requirements laid down in 8.1.2, 8*8.1 apd 
8.9.1,when tested by the methods described in A-5.5, 
A-5.10 andA-5.11. 

8.10 Demand Valves 

NOTE — These devices are subject to the requirements of this 
standard only when they are included as an integral part of a 
resuscitator. 

8.10.1 Pressure for Initiation (see also Annex C ) 

When tested in accordance with the method described 
in A-5.17, the pressure drop needed to initiate gas flow 
shall be no more than a negative 0.2 kPa (2 cm H^O). 

8.10*2 Peak Inspiratory Flow (see also Annex C) 

Demand flow shall terminate when airway pressure 
equals atmospheric pressure or at a pressure stated 
by the manufacturer, when tested by the methods 
described in A-5.15. 



9 RESISTANCE TO ENVIRONMENT 
9.1 Storage 

The resuscitator and the resuscitator kit ^if provided) 
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shall after storage at temperatures of- 4(PC and +60^C 
and at any relative humidity between 40 percent and 
95 percent meet all the requirements for the category 
of resusdtator being tested as laid down in 8. 

9.2 Operating Conditions (see also Annex C ) 

When tested by the methods described in A-5J6, the 
resuscitator shall meet all the requirements for the 
category of resuscitator being tested as laid down in 8, 
throughout the temperature range from -18 to + 5QPC 
and a humidity range from 40 to 95 percent relative 
humidity. 

10 GAS SUPPLY 

10.1 Gas Cylinders, Cylinder Valves and Yoke 
Connections 

Gas cylinders, cylinder valves and yoke connections of 
the pin index type shall meet the requirements given in 
IS 3745 : 1978. 

NOTE — Small cylinders with special fittings are frequently 
used in special situations. 

10.2 Indication of Contents 

Each gas supplied at cylinders pressure shall be 
monitored by a cylinder pressure gauge or contents 
indicator. 

10.3 Captive Valve Key 

A detachable, hand wheel, key or other device shall be 
made captive by means of a retaining chain or similar 
attachment capable of withstanding a static load of not 
less than 200 N (20 kg) without breaking. 

10.4 Duration of Gas Supply (see also Annex C ) 

103 Connections for Compressed Gas (see also 
Annex C ) 

Gas connections between different gas services shall 
be non-interchangeable and shall not allow parts of the 
resuscitator to be incorrectly connected. 

NOTE — If provided, a press-fit connection should give an easy 
and reliable connection with 6 mm internal diameter elastomeric 
tubing. 

10.6 Supply Pressures (see also Annex C ) 

When supplied with gas at pressures between 270 and 
550 kPa, the resuscitator shall meet all the require- 
ments for the type of resuscitator being tested as laid- 
down in 8. Testing shall be as described in A-5. 

11 INFORMATION TO BE SUPPLIED BY 
MANUFACTURER 

11.1 Marking 

11 A.l Manufacturer's Warning 

For automatic pressure-cycled, gas-powered resus- 
citators, the manufacturer shall provide a warning 
on the resuscitator and the resuscitator case, and in 



instructions for use that the unit is not designed to be 
used with closed-chest cardiac compression. 

NOTE — Where possible, simple operating instructions should 
be provided on the resus< itator or the container. 

11.1.2 Range of Supply Pressures ^ 

The range of supply pressures through which the 
resuscitator will operate shall be marked on the 
resuscitator. 

11.13 Gas Source for Spontaneously Breathing 
Patient 

The gas source supplying the spontaneously breath- 
ing patient, if it is other than the reservoir, shall be 
marked on the resuscitator. 

11.2 Training 

The instructions provided shall include a warning that 
the unit should only be used by persons who have 
received adequate training in resuscitation techniques. 

113 Information to be Provided by the 
Manufacturer in Operating and Maintenance 
Instructions 

11.3.1 General 

The manufacturer shall provide a manual of operating 
and maintenance instructions. The size and shape of 
this (these) manual(s) shall be such that it (they) may 
be enclosed within or attached to the resuscitator 
container. Additional copies shall be available on 
request. 

113.2 Contents 

The manual shall be divided into sections to facilitate 
understanding of the instructions and shall include the 
follo>ving information: 

a) A warning that the resuscitator should be used 
oaly by persons who have received adequate 
training; 

b) Instructions on how to make the resuscitator 
operational inall intended modes of operation; 

c) A specification detailing the following infor- 
mation: 

1) Range of ventilatory frequency; 

2) Attainable delivery pressures; 

3) Operating environmental limits; 

4) Storage environmental limits; 

5) Delivered oxygen concentrations under 
various test conditions; 

6) Characteristics and/or dimensions of the 
gas inlet connection; 

7) Apparatus dead space (backward leak- 
age and forward leakage, where appro- 
priate); 

8) Expiratory resistance and inspiratory 
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resistance and any special fittings which 
impose such resistance; 

9) The value of end-expiratory pressure 
generated by the resuscitation in normal 
use, if greater than 0.2 kPa (2 cm H^O); 

10) Details of the pressure — limiting system 
and override mechanism operation, if 
any; 

11) External dimensions of the resuscitator 
and, if provided, the resuscitator case; and 

12) Mass of the resuscitator and, if provided, 
the resuscitator case. 

d) Instructions for dismantling and reassembly 
of components for cleaning and sterilization 
( if applicable ). This shall include an illus- 
tration of the parts in their correct relation- 
ship. The manufacturer shall recommend a 
functional test of operation to be carried out 
after reassembly. 

e) Reconunendations for the preferred methods 
of cleaning and disinfection or sterilization of 
the resuscitator and its components; 

f) A recommended functional test for operation 
to be carried out immediately prior to use; 

g) A list of operator replaceable parts; 

h) Recommendation for frequency of approved 
or factory service. 

NOTE — If no service is required, this should also be stated in 
the manual. 

j) Resuscitator flow capabilities at 2kPa (20 cm 
Kp) and at 4 kPa (40 cm H^O) airway 
pressure; 



k) Recommendations for use in hazardous or ex- 
plosive atmospheres, includir^ a wamii^ that 
if the resuscitator will entrain or permit the 
patient to inhale gas from the atmosphere, its 
use in containment is prevented — if appli- 
cable, the manufacturer shall describe how to 
prevent such entraiimAent or inhalation; 

m) Oxygen fire prevention — wamii^ shall be 
provided that in the presence of high oxygen 
concentrations there is danger from smoking 
or open flames and that oil should not be used 
with the resuscitator; 

n) Date of publication and/or revision of the 
manual; 

p) Duration of gas supply — the approximate 
duration of gas supply, expressed as time 
per litre cylinder volume when charged to 
the maximum nationally approved filling 
pressure and when the resuscitator is deliver- 
ing a minute volume of 10 1/min (of the nearest 
setting to this): 

— at least 85 percent oxygen, and 

— the manufacturer selected value less than 
85 percent oxygen, if the resuscitator is so 
capable. 

q) Range of supply pressures — the manufac- 
turer shall state the range of supply pres- 
sures with which the resuscitator meets the 
applicable requirements laid down in 7 and 
shall describe any necessary adjustments for 
particular supply pressures. 
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ANNEX A 
(Clauses 63, 6.4, 6.5, 8.1, 8.3, 8.4, 8.5, 8.7, 8.8.1, 8.9.2, 8.9.4, 8.9.5 and 8.10.2) 

TEST METHODS 



A-1 GENERAL TEST CONDITIONS 

The ambient temperature for the duration of the 
tests shall be between 25 and 29 °C, except where 
otherwise stated . The relative humidity shall be within 
the range from 60 - 70 percent, except where otherwise 
stated. 

A-2 APPARATUS 

A-2.0 Typical test apparatus is shown in Fig. 1 to 5; 
alternative test apparatus of equivalent or greater 
accuracy may be used (see A-3). 

A-2.1 Test Lung 

(See Fig. 3 and 4 for example), with appropriate 
compliance and resistance characteristics (see 
Table 1). 

A-2 J Plug and Ring Gauges 

15 mm, 22 nam and 32 mm sizes (see Fig. 1 for 32 nmi 
gauge). 

A-23 Resistors 

If not provided with the test lung. 

A-2^ Pressure, Flow and Volume-Measuring and 
Recording Apparatus 

Including a pneumotachograph. 

A-2 J Temperature — Measurement Apparatus 

A-2.6 Deadspace — Measurement Apparatus 

(See Fig. 2 for typical example). 

A-2.7 Negative Pressure Generator 

(See Fig. 5 for typical example). 

A-2.8 Graduated Cylinder 

Of at least 200 ml capacity. 

A-2.9 Oxygen Analyser 

A-2.10 Water Reservoir - 0.5 m deep. 

A-2.1 1 Template - 300 mm x 400 mm. 

A-2.12 Environmental Chamber 

Capable of maintaining temperatures from — 40 to 
+6(PC and relative humidity from 40 to 95 percent for 
periods of up to seven days. 

A-2.13 Oxygen Supply 

Capable of varying over the pressure range from 



270 to 550 kPa and of producing a flow rate of at least 
30 1/min. 

A-2.14 Vacuum Source 

Capable of producing flow rates from 5 to 50 1/min. 

A-2.15 Gas Source 

Capable of varying through the range of pre^ures from 

270to550kPa. 

A-3 TEST APPARATUS TOLERANCES 

A-3.1 Test apparatus shall have the following mini- 
mum tolerances: 

a) Plug and Ring Gauges - 15 nmi, 22 mm sizes 
and 32 mm size (see Fig. 1). 

b) Oxygen analyser — ±1 percent (v/v) of the 
concentration being measured with a 
response time of greater than 90 percent in 
10 seconds. 

c) Compliances — i5 percent of required com- 
pliance value throughout a range of inspiratory 
phase times from 0.1 to 6.0 s (see Annex C). 

d) Pressure, Flow and Volume — ±2.5 percent 
of the reading plus ±2.5 percent of the full 
scale reading. 

The reading accuracy of the associated 
recording device shall be maintained at a 
frequency of up to 10 Hz. 

e) Resistances — ±20 percent for linear 
resistances and ±10 percent for parabolic 
resistances within the designated flow range 
(see Annex B). 

() Temperature Measurement — ±0.5°C. 

A-4 CONDITIONING AND REFERENCE 
CONDITIONS 

A-4.1 Conditioning of the Resuscitator and Test 
Apparatus 

Unless otherwise specified in particular tests, place the 
resuscitator and test apparatus in the test location and 
allow sufficient time for the resuscitator and apparatus 
to equilibrate with ambient conditons. 

A-4*2 Reference Conditons 

Correct all test readings to the reference conditions of 
NTPD (27 ^C, 1 atm, percent relative humidity). 

A-5 TEST PROCEDURES 

A-5.1 Dismantling and Reassembly 

Verify by inspection of the resuscitator aJidaccom- 
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panying documents Uiat a functional test has been 
provided to test operation after reassembly. 

A-5.2 Valve Function After Contamination with 
Vomitus 

A-5.2,1 Test Material 

A-5*2*l.l Simulated vomitus 

Prepared by mixing two parts of baby meal meat with 
vegetable meal and one part water. 

A-5.2.2 Procedure 

Pour 175 ml of simulated vomitus into the patient 
connection port and begin with 30 s, to operate the 
resuscitator for 30 cycles into the test lung (A-2.1) in 
order to disperse the vomitus. Clean the resuscitator of 
the mixture in accordance with the manufacturer's 
instructions for removal of vomitus. Ventilate the test 
lung {see Fig. 3 and 4 for typical illustrations of active 
and passive test lungs) at a frequency of 12 breaths/min 
for adult resuscitators and at a frequency of 30 breaths/ 
min for infant resuscitators. 

NOTE — Some of the test solutions may spill over when poured 
into the patient connection port 

A-53 Drop-Test 

Drop the resuscitator from a height of at least 1 m on 
to a concrete floor in the worst case mode. For the 
purposes of this test, the resuscitator shall be a 
complete unit, including the face mask, valve, hose, 
regulator and cylinder, as appropriate. Perform the test 
with the cylinder empty. 

A-5*4 Immersion in Water 

Drop the resuscitator from a height of 1 m into the water 
reservoir (A-2.10), Take the resuscitator out after 10 s 
and shake out the water for not more than 30 s. Begin 
ventilating the test lung (A-2.1) immediately. 

A-5*5 Delivered Oxygen Concentration for Gas- 
Powered Resuscitators 

Connect the resuscitator to the test lung (A-2.1) set at 
C 20 and R 20 characteristics. Connect the oxygen 
analyser (A-2.9) at a site in the compliance chamber 
as far away as possible from the patient connection 
port. Ventilate the test lung at a frequency of 12 
breaths/min and a tidal volume of 600 ml. Continue this 
procedure until a stable value for oxygen concen- 
tration is reached. Confirm that the resuscitator 
delivers an oxygen concentration of at least 85 percent 
(v/v). If the resuscitator is capable of delivering other 
oxygen concentrations, test the device at those settings 
recommended by the manufacturer and confimi that 
the oxygen concentration delivered to the test lung is 
within ±10 percent of the set control value on the 
resuscitator. 

This test shall be performed at the maximum and 
minimum flow settings reconmiended for the re- 
suscitator. 



A-5.6 Expiratory Resistance 



Connect the patient connectionport to the air/O^source 
and introduce air/O flow rate of 50 1/min. Record the 
resistance generated at the patient coimection port. 

A-5.7 Inspiratory Resistance 

Connect the patient connection port to a vacuum 
source producing an air/O flow rate of 50/1 min. 
Record the inspiratory resistance generated at the 
patient connection port. 

A-5.8 Patient Vaive Malfunction 

Connect the resusciator to the test lung (A-2.1) set at 
C 20 and R 20 characteristics. Ventilate the test lung 
at a frequency of 12 breaths/min and a tidal volume 
of 600 rnl. Using the oxygen supply (A-2.13), pass 
oxygen, as recommended by the manufacturer, at a 
flow rate of 30 1/min. Verify that the valve does not jam 
in the inspiratory position. 

A-5.9 Apparatus Dead Space 

A-5.9.1 Principle 

Ventilation by the resuscitator of a *bag-in-bottle' 
reservoir with 100 percent (v/v) oxygen as tracer gas. 
Calculate total dead space of the resuscitator from the 
volume of ventilation and the oxygen concentration of 
the inspired gas captured inside the bag. 

A-5.9 J Preparation of Apparatus Prior to Testing tJie 
Resuscitator 

Set up the dead space measurement apparatus (A-2.6; 
see Fig. 2). Ciiose the tap to the oxygen analyser 
(A-2.9). Open the ball valve. Cormect the resuscitator 
and ventilate until the balloon fills the bottle com- 
pletely and is pressed against the inner walls. Close the 
ball valve. Open the oxygen analyser tap. Open the 
flowmeter and fill the bottle with 100 percent {v/v) 
oxygen- Close the oxygen flowmeter when the pressure 
gauge reads approximately 1 kPa (10 cm H^O). Con- 
nect the 22 nmi/15 nmi test comiector to the 22 nmi 
female socket and supply the appropriate flow of 
atmospheric air to the side nipple {see Table 2). Open 
the ball valve, whereby the expiratory flow path is 
flushed with 100 percent (v/i) oxygen. Ventilate the 
lung by covering and opening 10 mm diameter hole 
with a finger. Hold the tidal volume constant by means 
of the respirometer (V) and pressure guage (P). The 
minimum number of ventilating cycles is given in 
Table 2. Close the ball valve and open the analyser tap. 
Adjust the 100 pendent (i*/v) oxygen flow to approxi- 
mately 5 1/min. Record the reading for the oxygen 
concentration in the FO^ bag of the oxygen analyser. 
Close ofl* the oxygen flow when the pressure gauge 
reads 1 kPa (10 cm R,0) again. This determination of 
internal dead space of the test apparatus shall be 
perfonned for every combination of test parameters 
used. The apparatus is now ready for testing the 
resuscitator. 
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Table 2 Test Parameters 

{Clause A'5.92) 






mm 

V^ume 




C 

1 


£ipintory 

Rcristuce 

Rcxp 


Test Flow 
forlntcnal 
Dead Space 

l/min 
(6) 


Test 
Cycles 


ml 
(1) 


1 1 
m!/kPa (mVcmH^O) 

(2) (3) 


1 ' I 
kPa/(l.s) [cmH20/(I.s)] 

(4) (5) 


(7) 


600 
100 




200 (20) 
100 (10) 


0.5 [5] 
2 [20] 


30 

5 


>15 
>50 



A^SS3 Procedure 

Test the resuscitator using the same procedure as 
descntied for the test coiinector (see A-'5.9«2). 

A-5*9*4 Ejq?ression of Results 

Calculate the system dead space, that is, with test 
coimection using the following equation: 



Vjj system - 



FO bag (test connection) — 21 



79 



xV. 



NOTE ~ The apparatus shouldbe so designed that V^, system is 
20 ml. The oxygen analyser should be calibrated to read 21 
percent with atmospheric air and be accurate within ±1 percent 
(v/v) oxygen up to 30 percent (vA^) oxygen. 

Calculate the apparatus dead space of the resuscitator 
being tested using the following equation: 

Apparatus dead space, 

FO^bag — 21 



Vp-app = 



79 



X V^ — Vjj system 



A-5.10 Tidal Volumes 



Connect the resuscitator to the appropriate test lung 
(A-2.1; 5ee Fig. 3 and 4) having the characteristics 
stated in Table 1. Measure the volume by recording the 
flow resulting from compression of the comptessible 
unit by means of a pneumotachograph (A-24) con- 
nected between the simulated resistance and com- 
pliance of the standard lung and integrating the re- 
corded flow (other equivalent method may be used). 
Use only one hand to compress the compressible unit. 
Perform these tests without the use of an over ride 
mechanism if one is provided. 

A-5«ll PressuFe*llmitiiig System (Gas-Powered 
iftesuscitators) 

For resuscitators for use with adults and equij^d 
with pressure-limiting systems, occlude the adult con- 
nection port and pass air at a flow rate of 60 l/min oi 
at the maximum flow rate which the resuscitator is. 
(^pable of, whichever is greater. 

A-5.12 Pressure«cycling System (Automatic, 
Pressure-cycledy Gas-^Powered Resuscitators) 

Connect the resuscitator to the appropriate test lung 
(A-2.1;see Fig. 3 and 4) having the stated characteris- 
ticsin Table 1. Activate the resuscitator and record the 



pressure at which the device cycles from inspirator to 
expiration. 

A-5.13 Pressure for Initiati<Hi (Demand Valves) 

Connect the patient port of the resuscitator to the 
negative pressure generator (A-2J; see Fig. 5). 
Measure the pressure betwen the demand valve and 
the negative pressure generator. Record the point at 
which flow from the demand valve begins. 

A-5.14 Peak Inspiratory Flow 

Connect the demand valve to be tested as shown 
in Fig. 5 and carry out the test procedure described in 
A-5.14JtoA-5.14.3. 

A-5*14.1 Flow Threshold 

Set the negative pressure, P , by adjusting the regula- 
tor which controls the ne^ive input pressure, P^^ . 
until the output flow, q^^, is between and 10 l/min. 
The reading on the negative pressure gauge (?) should 
be between - 0.2 and kPa (2.0 and cm Hp). 

A-5.14.2 Peak Flow 

Set the negative pressure, P^ , by adjusting the regula- 
tor which controls the negative input pressure, P^^ 
until the output flow, q^^, is 100 l/min. The reading 
on the negative pressure gauge (P) should be between 
- 0.5 and kPa (- 5.0 and cm H^O). 

A^5.14*3 Flow Termination 

Set the negative pressure,? by adjusting the regula- 
tor which controls negative mput pressure P until 
the outpout flow q , is between and 0.5 1/nun. Read 
and record the reaamg on the nagative pressure gauge 

(p). 

A-5.15 Termination Pressure 

Using the method described in A-5.13, determine the 
airway jHessure at which the demand flow ceases and 
record that pressure. 

A*5«16 Operating Condition 

A-5.1^.1 General 

Following completion of each phase of this test, the 
resuscitator shall be operated under the conditions 
described in the general requirements and ^so under 



the specific conditions for the category of resuscitator 
being tested , that is gas-powered volume cycled, hand- 
powered, etc, laid-down in 92. 

A-5.16.2 Procedure 

A-5.16.2.1 Prepare the test resuscitator in accordance 
with the general requirements. Place the resuscitator 
system in the envirormiental chamber (A-2.12) set at 
50 ^C and at least 95 percent relative humidity. Maintain 
these conditions for nofewerthansevendays.Atthe 
end of this period, operate and test the resuscitator. 
Once testing has been completed, return the 
resuscitator, within 5 min, to ambient conditions of 18 
to 22^C and 40 to 70 percent relative humidity for a 
period of no fewer than seven days. At the end of this 
period, operate and test the resuscitator. 
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A-5.16J.3 Place the resuscitator system in the 
environmental chamber at +60 ^C and at 40 to 70 
percent relative humidity for a period of not less than 
4 h. At the end of this period, return the resuscitator, 
within 5 min, to ambient coitditions of 18 to 22^Cand 
40 to 70 percent relative humidity. Allow the resusci- 
tator to stabilize for 4 h. At the end of this period, 
operate and test the resuscitator. 

A-5.16.2.4 Place the resuscitator system in the 
envirorunental chamber set at — 18 °C for 4 h. At the 
end of this period, operate and test the resuscitator. 
Once testing has been conq)leted, return the resuscita- 
tor to ambient conditions of 18 to 22 ^C. Within 5 min, 
operate and test the resuscitator. 

NOTE — In each of the operational tests prescribed, the 
resuscitator should be operated continuously for a period of at 
least 10 min. 



A-5*16*2.2 Place the resuscitator system in the envi- 
rormiental chamber set at — 40 °C for a period of at 
least 4 h or until the test item stabilizes. At the end of 
this period, return the resuscitator, within 5 min, to an 
ambient temperature between 18 and 22 °C. Allow the 
resuscitator to stabilize for at least 4 h. At the end of this 
period, operate and test the resuscitator. 



A-5.17 Supply Pressures 

Cormect the resuscitator to the gas source (A-2.15) 
and test its performance at source pressures of 270 
kPa and 550 kPa using the test methods described for 
the general requirements and any specific require- 
ments for the type of resuscitator being tested as laid 
down in 8.10.1. 
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NOTES 

1 Basic taper is 1 : 28 on diameter. 

2 Engagement is 9.5 NOM. 



AU dimensioBS ia milUmeties. 

Fig. 1 Plug Gaik^s 
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TEST CONNECTOR FOR 
Vu SYSTEM TEST 



25 mm . 

FEMALE SOCKETn i RESUSCITATOR BEING TESTED 
rOXYGEN__ \ 1 ^^^^ ^o app ^^EST) pp^sgypg 



100%(V/V)02 




%(V/V)Ct 



Rfxp " RESPIROMETER 

GAUGE FOR MEASURING 
TIDAL VOLUME Vt 



GLASS BOTTLE 
25 TO 30 I 

LATEX BALLOON 
APPROX 101 

tPtxpan-^2»^PQ> 

WATER FOR ADJUST- 
MENT OF COMPLIANCE 



Rg. 2 Test Set-up for Measuring Total Apparatus Dead Space 
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Rg. 3 Representattve Passive Test Lung System 
10 
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BREATH 
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(ALVEOLAR PRESSURE Pt) 



COMPLIANCE-SEHING 
SPRING 



■uw^^ 



'ANST6U ELEMENT 



CALieRATED 
RESISTOR 




VENTILATOR 
UNDER TEST 



pressure tapping (airway pressure pi)j 
Fig. 4 Representative Active Test Lung System 
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Fig, 5 Test set-up for TteTiNG Demand Valves 

(TtalESHOLD AND PeAK FlOWS) 
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ANNEX B 
(Clauses 8 .5 and A-3 .1) 

COMPLIANCES AND RESISTANCES REQUIRED TO SET UP TEST LUNG 
Table 3 Required Compliances 



Clftsstfioitioii" 


Compliance 
C 




i 
ml/kPa 




1 
(ml/cmHjO) 


C50 
C20 
CIO 


500 
200 
100 




(50) 
(20) 
(10) 



'^ The classification was originally based on conventional centimetres of water. 
Table 4 Required Resistances 



CImssi' 








RcsistaBce 






-^ 


Range of Air Flow^ 

(for linear or 

parabolic 

resistances) 


ficatiion^ 


Linear 
R 






Parabolic*) 

3 




kPa/ 

(1.S) 




(oqHjO/ 

(1.S) 


kPa/(l.s) 

(1.S) 


i 


cmKp/ 

(1.S) 


1/s 


R5 


0.5 




(5) 




0.77 




(7.7) 


to 2.0 


R20 


2 




(20) 




0.56 




(5.6) 


0.5 to 1.0 


R50 


5 




(50) 




0.39 




(3.9) 


0.25 to 0.5 


R400 


40 




(400) 




0.14 




(1.4) 


0.05 to 0.07 



^^ The classification was originally based on conventional centimetres of water. 

2> The values for parabolic resistance refer to the nominal inside diameter of tin plate, sharp-cornered orifices needed to achieve these 
resistance values. Other geometric shapes may be used, for example, thicker orifices with rounded comers but nominal diameters would be 
different. 

'> The tolerances for the flow range values are +20 percent for linear resistances and +10 percent for parabolic resistances. 



ANNEX C 
(Clauses 5.1, 5.2, 5.3, 6.2, 6.3, 6.4. 1, 6.5, 7.1, 8.1, 8.3, 8.4, 8.6, 8.7, 8.9.1, 

8.10.2, 10,4, 10.5 and 10.6) 

RATIONALE STATEMENT 



C-1 PATIENT CONNECTOR 

C-1.1 The patient connector dimensions permit con- 
nection with standard 15 mm tracheal tube connectors 
and face mask fittings having a 22 mm female socket 
or 15 mm male fittings. 

C-1.2 ExhaustFdrlf0rE]q)iredAir/BreathingGases 

The exhaust connection described is that used for 
connection to the transfer tubes of anaesthetic gas 
scavenging systems. It is essential that breathing sys- 
tem conical fittings are not compatible with this port. 
It is also important that the exhaust port be designed 



such that it cannot be confused with the inspiratory port 
during use of the resuscitator. 

C-13 Face Mask Fittings 

It is important that resuscitator face masks should be 
generally interchangeable. 

C-2 DISMANTLING AND REASSEMBLY 

Wrongly assembling a resuscitator so that it causes 
incorrect operation or complete malfunction which 
may result in inadequate ventilation of tlys patient. 
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C-2.1 Valve Function ajfter Contamination with 
Vomitus 

It is important that vomit can be quickly a nd effectively 
cleared from a resuscitator so that resuscitation can be 
continued with a minimum of interruption. 

C-2,2 Drop Test 

It is important that resuscitators can withstand severe 
shock caused by falls from ambulances, hospital beds, 

etc. 

C'23 Immersion in Water 

Resuscitators are often used in areas where the device 
may be inadvertently dropped into water during the 
resuscitation. If the unit is rec^^vercd quickly from the 
water, it should still function. 

C-3 SIZE 

C-3.1 Resuscitators may be required where access to 
patients is difficult, suchas incrawl spaces and through 
manholes. 

C.4 OPERATOR-POWERED RESUSCITATORS 

C-4.1 Altough 40 percent (v/v) oxygen concentra- 
tion is adequate under some circumstances, 85 percent 
(v/v) or higher oxygen concentrations are preferable 
for the treatment of severely hypoxemic patients dur- 
ing resuscitation. This concentration should be achiev- 
able at supplementary oxygen flows of 15 l/min or 
less because to specify greater than 15 l/min would 
exceed the normal calibration to standard, clinically 
used flowmeters for adult use and could potentially 
lead to inaccurate control of oxygen flows and jam- 
ming of the patient valve in the inspiratory position. 

C-4.2 Gas-Powered Resuscitators 

High oxygen concentrations are important in resusci- 
tating patients who are extremely hypoxemic. Lower 
percentages of oxygen will lengthen the duration of 
oxygen supply. The performance of air-entrainment, 
"mixing" devices is influenced by the flow settings of 
the resuscitator and the compliance and resistance of 
the patient. 

C-4*3 Expiratory Resistance 

To facilitate exhalation, expiratory resistance should 
be minimized unless there are special clinical indica- 
tions to impose such resistance. 

C-4.4 Inspiratory Resistance 

The design of a resuscitator shoyld be such that it is 
possible for the patient to breath spontaneously with- 
out excessive sub-atmospheric pressure when the re- 
suscitator is applied to the patient's airway but is not 
activated by the operator. 

C-43 Patient Vaive Malfunction 

Valve malfunction or jamming in the inspiratory posi- 
tion at high supplementary oxygen flow may lead to 
failure of the resuscitatorand transmission of excessive 



pressures to the patient. Resuscitators are commonly 
used at oxygen input flows of 15 l/min, but flowmeter 
valves are often capable of permitting flows of over 30 
l/min. It is essential to follow the manufacturer's 
instructions and to use only attachments recommended 
for use with the resuscitator. 

C-4«6 Patient Valve Leakage — Forward Leakage 

If forward leakage is a design feature of a resuscitator, 
it should be disclosed so that the user does not confuse 
this leakage with a malfunction. 

C-4.7 Apparatus Dead Space 

It is essential to minimize apparatus dead space in 
order to limit rebreathing of expired gases. 

C-4^ Tidal Volume 

Foradult ventilation a typical tidal volume is approxi- 
mately 600 ml. The compliances and resistances 
listed in Table 1 are representative of the possible 
compliances and resistances found in adults needing 
resuscitation. The ventilatory frequency is a typical 
value used in adult resuscitation. 

C-4.8.1 Pressure Limitation ( Operator-Powered 
Resuscitators ) 

Experience with infant resuscitation suggests that a 
maximum inspiratory pressure of 4.5 kPa (45 cm 
ILO) will not produce lung damage and will permit 
aclequate tidal volumes in most patients weighing 
under 10 kg. Pressure-limiting systems are not manda- 
tory on operator-powered resuscitators designated 
for use with patients weighing over 10 kg. However, 
it is essential that resuscitators with such systems 
satisfy the tidal volume requirements laid down in this 
standard (5ee Table 1) without the use of any override 
mechanism. When airway pressure is limited to below 
6 kPa (60 cm H^O), it was felt than an override 
mechanism is essential in order to ventilate those 
patients with low lung compliance and/or high airways 
resistance. 

C-4.8,2 Pressure-Limiting System 

It is essential that maximum delivery pressure is 
limited on all gas powered resuscitators. Airway 
pressure at 4.5 kPa (45 cm Kp) was considered 
adequate for ventilation of the lungs, but unlikely to 
produce barotrauma. The selection of higher settings 
for difflcult clinical problems necessitates risk of 
barotrauma. 

C-4.8,2.1 Manufacturer's warning 

These resuscitators are unacceptable for use during 
closed cardiopulmonary resuscitation because the in- 
creased intrathoracic pressure caused during chest 
compression causes the resuscitator to cycle from the 
inspiratory mode to the expiratory mode prior to ad- 
equate ventilation of the lungs. 

C-4.8.2.2 Pressure-cycling system 

It is required that pressure cycled resuscitators meet 
the performance requirements of this International 
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Standard, but they are of limited use on patients with 
poor lung compliance and/or high airways resistance 
because the cycling pressure is achieved without 
adequate ventilation. A 'negative' pressure phase 
should not be used as it is associated with a fall in 
functional residual capacity (FRC) and arterial oxygen 
partial pressure (p2), 

C-4.9 Pressure for Initiation 

It is important that the patient should not have to 
generate large amounts of negative pressure to 
initiate gas flow from the demand valve in order to 
minimize respiratory work. A negative pressure of 
- 0.2 kPa (2 cm H^O) is physiologically acceptable. 

C-4.10 Peak Inspiratory Flow 

Peak flows as outlined in this cause are necessary in 
order to satisfy the inspiratory needs of the typical 
patient; large amounts of negative pressure should not 
be required to generate these flows as it would cause 
fatigue in a spontaneously breathing patient. 

C-4.11 Termination Pressure 

Positive pressure indicates that adequate tidal volume 
has been delivered . When the pressure becomes slightly 
positive it indicates that the patient should be allowed 
to exhale and hence flow should stop. 



C-4.12 Operating Conditions 

Resuscitators can be expected to be exposed to the 
temperature extremes outlined in 9.2 since such 
temperatures frequently occur throughout the world 
in enviroimients where resuscitators are used. 

C-4.13 Duration of Gas Supply 

Small, easily portable cylinders are commonly used 
with resuscitators. It is important that the operator have 
some idea of the duration of this size of oxygen supply 
under simulated conditions of use. In case of mines the 
duration shall not be less than 40 minutes. 

C-4.14 Connections for Compressed Gas 

The fresh gas nipple are intended to minimize dis- 
connections. It is essential to be able to easily connect 
resuscitator oxygen tubing, for example while the 
resuscitator is in use. 

C-4.15 Supply Pressure 

The range of supply pressures reflect the variety of 
pressures used internationally and the tolerances of 
pressure-regulating systems. 



ANNEX D 

( Foreword ) 

MATERALS 



D-1 CLEANING AND DISINFECTION OR 
STERILIZATION 

D-1.1 Components which are subject to contami- 
nation should withstand the methods of cleaning and 
disinfection or sterilization recommended by the 
manufacturer or be labelled 'for single use only' (dis- 
posable). 

D-2 OXYGEN COMPATIBILITY 

D-2.1 All resuscitator components should be com- 
patible with and resistant to ignition with oxygen 
concentrations and pressures to which the component 
is exposed. 

D.3 RESISTANCE TO CORROSION AND 
DETERIORATION 

D-3.1 Resuscitator i)erfonnance should not be de- 
graded because of corrosion during a period of 12 
months after being stored in accordance with the 
manufacturer's instructions. 

D-4 PATIENT VALVE HOUSING 

D-4.1 The valve housing should be constructed of 
materials such that the functioningmechanism is readily 
visible to the operator. 



D-5 RATIONALE 

D-5.1 Cleanf^g and Disinfection or Sterilization 

Resuscitators are likely to become contaminated by 
bacteria and foreign matter during use. It is therefore 
essential that manufacturer's recommended suitable 
methods of cleaning and disinfection or sterlization for 
many applications, cleaning and dis-infection alone is 
adequate. However, in certain situations, the user may 
require resuscitators which can withstand steam or 
ethylene oxide gas sterilization of the contaminated 
components. The user should appreciate that some 
methods of disinfection and sterilization may shorten 
the usable life of the resuscitator. 

D-5.2 Oxygen Compatibility 

Selection of materials for use in high oxygen concen- 
trations, especially at elevated supply pressures, 
involves consideration of both compatibility and 
ease of ignition. Materials that bum in air will bum 
violently in high concentrations of oxygen at 
atmospheric pressure and may explode at higher 
pressures. Many materials, including metals, will not 
bum in air but may do so in pure oxygen, particularly 
underpressure. Materials may be ignited by the friction 
of a valve seat or stem packing or by the adiabatic 
compression produced when oxygen at high pressure is 
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suddenly introduced into a system at low pressure. 
Therefore, easily ignitable materials, such as some 
rubber and plastics, should be avoided in valves and 
fittings, especially in high-pressure oxygen systems, 
unless tested or experience-rated for such service. 
These conditions and requirements also apply to the 
use of nitrous oxide. 
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D-53 Resistance to Corrosion and Deterioration 

Since resuscitatois are often stored and used in the 
proximity of sea water, it is important that resuscitators 
are capable of meeting the performance requirements 
of this standard after being used and stored in such an 
environment. 



ANNEX E 
(Foreword) 

FACE MASKS 



A face mask provided with or recommended for 
use with a resuscitator should comprise a body and a 
face seal, and a port to receive the patient connector of 
the resuscitator. The face seal should be capable of 
provided a fit which minimizes leaks at the operating 



pressures and temperatures specified in this standard. 
Thebodyofthemaskshouldbetransparenttoallowthe 
operator to observe the patient's nose and mouth for 
breath condensation as evidence of breathing and also 
for the possible appearance of vomitus. 
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Standard Mark 
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